In 3 experiments, the authors examined the sensitivity of infants to the unity of a partly occluded moving rod undergoing translation, rotation, or oscillation. Four-month-oid infants were sensitive to the unity of the partly occluded rod when it translated, but not when it rotated, behind an occluder. Six-month-old infants perceived the rotating rod as continuing behind the occluder, but they did not perceive the unity of a rod that oscillated back and forth behind the occluder. Finally, 6-month-oId infants showed an ambiguous response to a rotating rod when the shape of the occluder was changed from rectangular to round. These findings suggest that all types of common motion are not equivalent for specifying infants' perceptions of occluded objects. Additional factors should be considered that take into account the information specified by different types of motion and by different conditions at the intersection of the occluder and the object.
Our phenomenal experience of the visual world includes the perception of discrete and bounded objects, yet the proximal stimulation available to the visual system is usually incomplete. In most cases, objects are partially occluded by other objects and surfaces so that the viewer is unable to see all of the surfaces and edges that comprise the object. Despite this incomplete information, adult observers do not see objects as mosaics of interrupted surfaces and incomplete edges but fill in the gaps to perceive unified objects.
The development of the perceptual skills necessary for perceiving the unity of objects begins quite early before the infant possesses any substantial knowledge of specific objects or object kinds. Sources of information that are considered contributors to the processes of object perception in infancy include color, form, and texture information (Needharn &. Baillargeon, 1997) , spatial layout (Spelkc, 1990; Spclkc & Van de Walle, 1993) , and motion information (Kellman & Spelke, 1983) . Some researchers (e.g., Kellman, 1993; Spelke, 1990 ) have suggested that the perception of unified objects follows a specific developmental progression, with sensitivity to some sources of visual information, such as common motion, developing earlier than sensitivity to others, such as color and shape similarity.
Contrary to this position, recent evidence suggests that object perception may not follow such a straightforward developmental sequence. As suggested by Johnson and Aslin's (1996; Johnson, 1997) threshold model, as well as other research findings (e.g., Needham & Kaufman, 1997; Needham & Baillargeon, 1997 ), it appears that multiple processes contribute to object perception Dara R. Eizenman and Bennett I. Btutenthal, Department of Psychology, University of Virginia.
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at each stage of development. The efficacy of these processes varies across stimulus conditions. Attention to the interaction between specific stimulus parameters of displays and the perceptual processes used by the infants who view them is critical fora complete understanding of the development of object perception.
The widely cited finding that common motion specifies object unity provides a good example of this complexity. In (he first of a series of studies, Kellman and Spelke (1983) reported that 4-month-old infants perceive the visible ends of a centeroccluded rod as unified when the rod translates behind an occluding block. R>llow-up studies suggested that this result is also true if the rod moves up and down or back and forth in depth behind the occluder (Kellman, Spelkc, & Short, 1986) . When an object is stationary, 4-and 5-month-old infants do not respond as if its visible ends are joined behind the occluder (Kellman & Spelke, 1983; Van de Walle & Spelke, 1996) . From these findings, Kellman and Spelke concluded that 4-month-old infants perceive object unity when the visual information is consistent with the perceptual principle that objects that share a common motion are unified. They suggest that sensitivity to common motion is the first principle that infants are able to apply to the perception of partly occluded objects, preceding, for instance, the use of static information (Kellman & Spelke, 1983 ; see also Craton, 19%).
Sensitivity to common motion for specifying object unity begins to develop sometime between birth and 2 months of age (Johnson & Aslin, 1995) ; neonates do not behave in a way that is consistent with this principle (Slater et al., 1990) . Less clear is whether this sensitivity generalizes to all cases in which an object moves behind an occluder. Indeed, Johnson and Aslin provided evidence that use of common motion to specify object unity is not all or none. They found that when 2-month-old infants were shown the stimulus displays used by Kellman and Spelke (1983) , they did not perceive a translating rod as continuing behind the occluder. If the size of the occluder was reduced, however, and the size of the rod remained the same, 2-monthold infants responded as if the visible portions of the rod were connected. In this case, it seems that the proximity of (he visible parts of the object, in conjunction with the motion information, enabled 2-month-old infants to achieve an accurate perception of the unity of the partly occluded object. This finding suggests that 2-month-old infants who are unable to use common motion to specify object unity in some conditions are able to do so when spatial information in the display (e.g., proximity between the visible surfaces) is modified. One important implication of this finding is that it suggests that no one principle of visual perception is sufficient to explain infants' responses. Further investigation of the critical stimulus parameters is necessary to fully understand the processes by which infants perceive partly occluded objects.
The literature on infants' perceptions of object unity contains some additional examples of this important point. Johnson and Aslin (1996) , for example, reported that both the presence or the absence of a background texture and the alignment of the visible rod ends in an occlusion display contribute to 4-monthold infants' abilities to perceive a partly occluded translating object as unified. Furthermore, the idea that subtle changes in stimulus parameters can affect infants' perceptions of objects is not limited to work with object occlusion. Research with ambiguous adjacent objects (Needham & Baillargeon, 1997) and with point-light displays (Bertenthal, 1993) showed similar effects.
Thus, it is misleading to formulate single principles by which infants' perceptions of objects can be explained. Although these principles provide a useful starting point, a complete understanding is possible only if investigators consider all the conditions under which accurate perceptions of ambiguous information are possible for young infants. Each perceptual principle that has been proposed should be rigorously examined with this perspective in mind. We aim here lo continue this research by further examining under what stimulus conditions and at what ages the principle of common motion advanced by Kellman and Spelke (1983) is sufficient for explaining infants 1 perceptions of object unity.
In a series of three experiments, we compared infants' responses to partly occluded objects undergoing different types of motion, including translation, rotation, and oscillation. The first experiment was a comparison of 4-month-oId infants' responses to partly occluded translating and rotating objects. On the basis of comparisons of these types of motion reported in the literature (e.g., Albright, Desimonc, & Gross, 1984; Borjesson & Ahlstrom, 1993; Ruff, 1982) , we expected that the responses of infants to these two types of motion would differ. Preliminary reports (Kellman, 1993 ) that the translatory component of object motion is critical in infant perception of occluded objects as unified supported this hypothesis. In the second experiment we examined the responses of 6-month-old infants to two types of object motion: rotation and oscillation. In the last experiment, we examined ihc effects of changing the shape of the occluding surface so thai the visible portion of the object either remains constant or changes size and shape as the object moves. In this latter experiment, we evaluate whether rotational motion is sufficient to specify object unity or whether concomitant changes in the size and shape of the visible rod ends are also necessary.
Experiment 1
In contrast to previous research that focused almost exclusively on lateral translation, this first experiment was designed to explore the effects of rotation on infants' perceptions of partly occluded objects. The perceptions of a partly occluded translating rod and a similar rotating rod were compared. This comparison allowed us to answer two questions. The first is whether we could replicate previous findings showing that infants perceive the visible ends of a translating object as continuing behind the occluder. The second question concerned whether infants respond in the same way to the visible ends of a partly occluded rotating object as to a translating object.
The logic and procedure of this experiment followed very closely that of previous research on infants 1 perception of partly occluded objects (e.g., Kellman & Spelke, 1983; Slater et al., 1990 ). An infant-control habituation paradigm was used to determine whether 4-month-old infants saw the partially occluded rod as two rod ends that are not connected behind the occluder or as two ends of a single rod that are unified behind the occluder. Also, a baseline control condition was included to ascertain whether infants have spontaneous preferences for one test display over the other, even without being exposed to the habituation phase of the experiment. If no baseline preference exists, we can assume that the differences in looking to the test stimuli in the experimental condition are caused by the stimulus that the infant has seen during the habituation phase of the study and would not otherwise be present.
We predicted that our data would replicate Kellman and Spelke's (1983) finding that 4-month-old infants perceive a partly occluded, translating rod as continuing behind a center occluder. By contrast, we predicted that the same results would not be revealed when the rod rotated around its center rather than translated.
Method
Participants. The sample for this study included 48 infants, 16 in each of two experimental conditions and 16 in a baseline control condition. The infants were 16-weeks-old (translating condition: M = 112.8 days, SD = 3.16 days; rotating condition: M = 114.9 days, SD = 3.76 days; baseline condition: M -114.0 days, SD = 3.6 days). An additional 6 infants were tested in the translating condition but were excluded from the final sample (fussy, 4; sleepy, 1; preterm. 1). Five additional infants wen: excluded from the rotating object condition f fussy, 4; inattentive, 1). Two infants were excluded from the baseline condition (fussy, I; preterm, 1). Infants were recruited from birth announcements in the local newspaper and from hospital birth records. The majority of the infants were from middle-class families, although detailed information about socioeconomic status was not obtained.
Apparatus. The infants were seated on a parent's lap about 90 cm from the front of a stage. The front of the stage was covered between trials by a curtain. There was a black-and-white checkered cardboard surface (70 cm across and 56 cm high) near the back of the stage that served as a background for the stimuli (see Figure 1) . The background was almost the full size of the stage opening that was 100 cm across and 77 cm high. The gap between the checkered surface and the edge of the stage allowed the experimenter to reach around to the front and change the stimuli between trials. The stage was lit from above by a fluorescent light.
A video camera was placed 6 cm below the stage and angled up toward the infant's face. It was connected to a television monitor and VCR in the same room. A second experimenter was seated at a computer in a location that was not visible to the infant. This computer was used to time each trial and to keep track of the looking time criterion needed to move from one phase of the experiment to the next.
Stimulus displays. The stimuli used in this experiment were a Figure 1 . This infant is seated on a parent's lap in front of a display that is similar to the ones used in this study. A camera underneath the stage records infants' responses to the stimuli.
wooden rod and an occluding block (see Figure 2 ). The rod was a dowel painted red that measured 30 cm in length (14,2 C visual angle), and 1.25 cm in diameter. The occluding surface was a natural-colored wooden block that measured 12.5 cm in width (6.1° visual angle), 8.75 cm in height (4.3 P visual angle), and 1.75 cm in thickness, It hung from the top of the stage by very thin fishing line. The block occluded the center of the rod and hung 2 cm in front (if the rod so that the rod and the occluder did not contact one another when the rod was in motion.
The backdrop for the rod was the black-and-white checkered surface at the back of the stage (120 cm from the infanl). The rod adhered to this surface with magnets. In the translating condition, the magnets attached behind the checkered surface to a piece of styrofoam that could be moved laterally along a cardboard track. The somewhat slick surface of the backdrop allowed the magnets to glide smoothly along its surface. The styrofoam was translated by hand across I 1.5 cm (5.5° of visual angle) at a rate of approximately 8 cm/s (3.8°/s) by a trained experimenter who stood behind the stage. The bottom of the rod was 17 cm from the floor of the stage, usually at or slightly above the infant's eye height.
In the rotating rod condition, the magnets were attached behind the checkered surface to a rotating disk. The disk was turned by hand by a trained experimenter through one 360° cycle every 8 s; the end points of the rod traveled over 94.2 cm (38.4° of visual angle) at a rate of 11.8 cm/s (4.87s), During the test phase, two stimulus events were presented to the infant (see Figure 2) . The continuous rod test stimulus was identical to the habituation stimulus except that the occluder was removed so that the entire rod was visible. The broken rod test stimulus consisted of two rod pieces in place of the one rod. The rod pieces (each 11 cm, 5.2°) were aligned so that the total length was the same as the continuous rod and there was an 8-cm (3.8°) gap between the pieces where the occluder had been placed. The test stimuli moved in exactly the same manner as the habituation stimulus.
Procedure. The first phase of the experiment was the habituation phase. Once the infant was comfortably seated on the parent's lap in the darkened room, the stage curtain opened to reveal the rod and occluder display. The experimenter, behind the stage, moved the rod (either translating or rotating) during the entire time that the curtain was open. A second experimenter watched the infant's eyes on a video monitor and began liming with a keypress on the computer keyboard when the infant first looked at the stimulus display. Timing continued until the infant looked away from the display for a full second or until the infant had watched the display for 120 consecutive s, whichever came first. At the end of the trial, the curtain closed. After an interval of 5 s, the curtain opened again to reveal the same display.
The infant continued to see the habituation display until his or her looking time dropped below a preset criterion. This criterion was defined as looking time on three consecutive trials that totaled less than 50% of looking time on the three highest consecutive previous trials. This criterion was usually set by the first three trials and was calculated automatically by the computer. (For 5 infants in the three experiments, the looking time on the first trial was low, and the highest three looking times were the second, third, and fourth trials.)
Once the criterion was reached, the four test trials were presented. The test trials alternated between the continuous rod and the broken rod. The order of the test trials was counterbalanced among infants.
We also included a baseline control condition to test whether infants spontaneously preferred either of the test stimuli. In this condition, we first showed infants four familiarization trials to accustom them to the testing situation. On these trials, infants saw the stage curtain open to reveal the checkerboard background and the occluder. The infants were not exposed to the rod during these four trials. We timed how long the infants looked at this display. When they looked away, the trial was ended and the curtain was closed. Following this familiarization phase, the infants were shown four test trials that were identical to the test trials in the experimental condition. Infants were tested twice, once with the translating and once with the rotating stimuli. The order of the tests was counterbalanced between infants, and there was a short break between the two tests.
Reliability. Following the testing session, the looking times of each infant were also coded from the videotape by a trained observer who was uninformed about the hypotheses of the experiment and the order of the test trials. The mean correlation between the original observer and the reliability observer for all infants in the experimental condition was very high (r = .97). The mean absolute difference per trial between the two coders was 1.3 s. In the baseline condition, the mean correlation for all infants was .99, with a mean absolute difference of .29 s.
Results
In the standard habituation paradigm, infants' looking times toward the end of the habituation phase of testing are compared with their looking times to the test stimulus. Discrimination of the two stimuli is inferred if infants show increased looking to the novel stimulus. In the current study, however, there were two test stimuli, both somewhat different from the partly occluded habituation stimulus. If infants perceived the habituation stimulus as a rod that continued behind the occluding block, then the test stimulus of the continuous rod would be perceived as somewhat different from the habituation stimulus but not nearly as different as the broken rod. By comparing looking times between the continuous rod and the broken rod test trials, it was possible to test our prediction that a translating rod, but not a rotating rod, would be perceived as unified behind the occluder.
Translating Condition
Infants' total looking times to the two broken rod test trials and the two continuous rod test trials were compared in a 2 (type of motion) X 2 (test stimulus) X 2 (order of lest stimuli) analysis of variance (ANOVA.), with test stimulus as a repeated measure. The only significant effect was an interaction between the type of motion in the habituation display and the test stimulus, F( 1, 28) -5.62, p < .05. The difference in looking to the continuous and the broken rod test displays was significantly greater for infants in the translating condition than for infants in the rotating condition, /(30) = 2.43, p < .05. As can been seen in Figure 3 , infants in the translating condition looked longer at the broken rod than at the continuous rod. There was a nonsignificant tendency for the infants in the rotating condition lo look longer at the continuous rod than at the broken rod. There was no significant effect of order of test trials, F{\, 28) = .02, ns, or of test stimulus, F{ 1, 28) -.29, ns, and none of the other interactions were significant.
The difference between the infants who saw the translating habituation display and those who saw the rotating display cannot be attributed to differences in looking during habituation. The two groups did not differ from one another on total looking time during habituation, f(30) = .19, ns, number of trials to reach the habituation criterion, f(30) = .00, ns, or looking time at the end (last two trials) of habituation, t(30) = .53, ns.
Furthermore, this finding cannot be attributed to a baseline preference for the broken rod in the translating condition. Looking times to the broken and the continuous rod in the baseline condition were compared in a 2 (order of test trials) X 2 (test stimulus) X 2 (order of motion type) ANOV\, with test stimulus as a repeated measure. For the translating condition, there was no significant difference in looking to the continuous rod or to the broken rod, F{ 1,12) = .03, ns. There was also no preference in the rotating condition, F(\, 12) = .97, ns. Mean looking times in these two baseline conditions can be seen in Figure 3 .
Discussion
Two findings are evident from these analyses. First, we replicated the finding that 4-month-old infants see a translating, partly occluded rod as continuing behind an occluding surface. We also learned that this is not true when infants see an occluded object undergoing rotational motion behind the occluder. These findings suggest lhat 4-monlh-old infants are able to use some rigid motions to ascertain the continuity of an object, but not all motions are equally informative. We return later to the differences between translation and rotation and expand on the possible reasons for the differential behavior exhibited by 4-month-old infants in response to these two types of motion.
Experiment 2
The results of the previous experiment suggest that 16-weekold infants do not perceive the visible ends of an object that is rotating behind an occluder to be connected. As infants develop, it seems likely that the variety of conditions under which they perceive object unity should increase. In this experiment, we tested 24-week-old infants' perceptions of partly occluded objects undergoing rotation or oscillation to ascertain whether these two types of motion contribute to perceptions of object unity for these somewhat older infants.
Oscillation is perceptually more complex than rotation because Ihe rod segments reverse direction in the former, but not the latter, condition. Thus, on Ihe one hand, it is possible that 24-week-old infants will perceive the rotating rod, but not the oscillating rod, as continuing behind the occluder. On the other hand, it may be that by 24 weeks of age, all types of motion are equally informative to infants in their perception of the unity of partly occluded objects. In that case, there would be no difference in infants' responses to the two conditions in this experiment.
Method
Participants. The final sample for this experiment included 48 infants, 16 in each of two experimental conditions and 16 in the baseline control condition. The infants were 24 weeks old (rotating condition: M = 172.1 days. SD = 5.08 days; oscillating condition: M = 173.1 days, SD = 4.72 days; baseline condition: M = 170.2 days, SD = 4.4 days). An additional five infants were tested in the rotating condition but were excluded from the final sample (fussy, 4; experimenter error, 1). Three additional infants were tested in the oscillating object condition, but were not included in the final sample (fussy, 2; procedure interrupted by mother, 1). Two infants were excluded from the baseline condition (sleepy, I; preterm, 1).
Stimulus display. The rotating display was identical to the event shown in the first experiment. In the oscillating condition, the rod began at 45° from its vertical position and rotated to 45° past vertical. The rod then changed direction and returned to its starting point. The total length of the arcs defined by the end points of the rod were 23.6 cm (11.2° of visual angle). The rod completed one half of the cycle of an oscillation and reversed direction every 2 s. yielding a speed of 11.8 cm/s (5.6'/ s). The rod continued to oscillate back and forth for the duration of the trial.
Reliability. Agreement was again very high. The mean correlation between the two coders for all 32 infants was .98. with an average difference of .73 s per trial.
Results
Infants* lolal looking times to the broken rod and the continuous rod were compared in a 2 (type of motion) X 2 (test stimulus) X 2 (order of test stimuli) ANOVA, with test stimulus as a repeated measure. The only significant effect was an interaction between the type of motion in the habituation display and the test stimuli, F(l, 28) = 5.77\p < .05. Because the variances in looking times in the two motion type groups were unequal, the post hoc comparison was conducted with a Cochran-Cox approximation of t. The interaction was due to a significantly larger difference in looking times between the broken and the continuous rod test stimuli in the rotating condition than in the oscillating condition, r(15) = 2.42. p < .05. In Figure 4 , one can see that the infants in the rotating condition looked longer at the broken rod and that the infants in the oscillating condition had a nonsignificant tendency to look longer at the continuous rod. No other effects approached significance. Infants' looking times can be seen in Figure 4 .
The infants who saw the rotating habituation display and those who saw the oscillating display did not differ from one another on total looking time during habituation, f(30) = 1.38, ns, number of trials to reach the habituation criterion, ?(30) = 0.44, ns, or looking time at the end (last two trials) of habituation, /(30) -1.73, ns.
These findings cannot be attributed to a baseline preference for the broken rod in the rotating display. Infants" looking times in the baseline condition for the rotating and oscillating rods were analyzed separately. Looking times to the broken and continuous rod were compared in a 2 (order of test trials) X 2 (test stimulus) X 2 (order of motion type) ANOVA, with test stimulus as a repeated measure. For the rotating condition, there was no significant difference in looking to the continuous rod or the broken rod, F(\, 13) = .29, ns. There was also no baseline preference in the oscillating condition, F( 1, 13) = .08, ns. Mean looking times in these two baseline conditions can be seen in Figure 4 .
These findings thus imply a developmental progression in sensitivity to rotational information. To test the apparent developmental trend directly, we compared the 4-mon[h-old infants who saw the rotating rod in the previous experiment with the 6-monlh-old infants who saw the rotating rod in this experiment. Looking times to the continuous and broken rod test trials were compared in a 2 (infants' age) X 2 (test stimulus) X 2 (order of test stimuli) ANOVA, with test stimulus as a repeated measure. The only significant effect was an interaction between infants' age and test stimulus, F(\, 28) = 5.9, p < .05. This interaction was caused by the 6-month-old infants' looking longer at the broken rod on test trials than at the continuous rod on test trials, t(\5) -3.5, p < .05, whereas the 4-month-old infants did not, r(l5) = -1.31, ns.
Discussion
Unlike 4-month-old infants, 6-month-old infants perceived a rotating rod as unified behind an occluding surface. This was not due to a tendency to perceive all moving, partly occluded objects as continuing because the oscillating rod was not perceived as such. The different responses shown by the infants in these two conditions, along with the results from the previous experiment, suggest that there is a developmental progression in the perception of object unity from different object motions. Not all types of motion are equally informative for infants at all ages. The information presented by the Iranslating object was sufficient to lead to a perception of object unity by 4-month-old infants. However, infants at 4 months of age were not sensitive to the continuity of a rotating object. Six-month-15.
12. old infants did perceive a rotating, partly occluded object as continuous if the object rotated 360°, but not if it oscillated 90°.
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Experimental Condition
Experiment 3
At least one additional question should be addressed before we conclude that 6-month-old infants use rotational motion to perceive the unity of partially occluded objects. There is an incidental feature of the rotating display that is not directly dependent on the rotational motion of the partly hidden object but rather on the shape of the occluder. Behind a rectangular occluder, the visible parts of a rotating object change size as it rotates. For example, when the object is behind the long diagonal of the rectangle, less of the object is visible than when it is perpendicular to the long side of the rectangle.
The effects of changing amounts of visible surface area of the occluded object during a single trial on the infant's perception of a partly occluded object are not well-known. There is some evidence, though, that young infants are capable of using accretion and deletion of texture information to understand objects (Craton, 1996) . It is possible that the 6-month-old infants in our study are benefiting from this sort of additional information in their perceptions of the rotating rod. To explore this possibility directly, we conducted a third experiment in which the visible surfaces of a rotating object maintain a constant size and shape behind a round occluder. Six-month-old infants were habituated to a rod rotating behind a round occluder in order for us to ascertain whether the absence of changing size information would hinder infants' appreciation of the unity of the object.
Method
Participants. The final sample for this experiment included 20 infants. The infants were 24 weeks old (A/ = 169.8 days, SD = 3.86 days). An additional 6 infants were tested but were excluded from the final sample (fussy, 5; preterm, 1).
Stimulus display. The stimulus displays were identical to those used in the previous experiment, with the exception of the shape of the occluder. In this display, the rod rotated behind a neutral-colored, round occluder. The circular occluder had a diameter of 13 cm (6.3 C visual angle) and was 1.25 cm thick. The rod rotated 360° behind this occluder at the same rate as in Experiment 1.
Procedure. The procedure was identical to that of the previous experiments. Because all of the critical comparisons are of looking times to the rod without the occludet no new baseline condition was necessary. It is sufficient that 6-month-old infants did not have a baseline preference for the broken or the continuous rotating rod in the previous experiment.
Reliability. Agreement was again very high. The mean correlation between the two coders for all 20 infants was .99, with an average difference of .26 s per trial.
Results
To determine the effects of changing the shape of the occluding surface, we compared the infants' looking times in this experiment with those of the 6-month-old infants in Experiment 2 who saw the rod rotate behind the rectangular occluder. The only difference between these two conditions was the shape of the occluder and, therefore, the presence or the absence of changing size information. Infants 1 looking times to the broken and the continuous rod were compared in a 2 (shape of occluder) x 2 (test stimulus) X 2 (order of test stimuli) ANOVA, with test stimuli as a repeated measure. There was a significant interaction between the shape of occluder and the test stimulus, F{ 1, 32) = 4.24, p = .05, but no other effects were significant. This interaction was caused by a significantly greater difference in looking between the broken and the continuous rod displays in the rectangular occluder condition than in the round occluder condition, r(34) = 1.98,/? = .05. The looking times of these two groups of infants to the continuous rod and to the broken rod can be seen in Figure 5 .
Total looking time to the habituation trials did not differ between the two stimulus conditions, /(34) = 1.47, ns. The two groups also did not differ from one another on the number of trials to criterion, /(34) = -.56, ns, or on the looking time at the end of habituation, *(34) = .29, ns. One additional comparison should be mentioned. As can be seen in Figure 5 , it appears that overall looking times on the test trials were lower for the infants who saw the rod behind the circular occluder than for those who saw the rod behind the rectangular occluder, but this difference was also not significant, /(34) = 1.72, p = .09. It is possible, however, that this difference is a meaningful trend. Perhaps it indicates thai in the absence of the changing size and shape of the visible portions of the occluded object during habituation, both rotating test displays were less novel and therefore less interesting to the infants.
Discussion
Looking times to the broken rod and to the continuous rod did not differ when a round occluder was used during habituation, This suggests that infants in this condition were unable to achieve an unambiguous perception of the rod as continuing behind the occluder.
The results of this experiment lend additional support to the importance of conducting a more complete analysis of infants' perceptions of partly occluded objects than has previously been performed. In this case, not only the type of motion of the occluded object was relevant to infants' perceptions but also the interaction of the type of motion with the shape of the occluder was important. When the rotating object changed size as it appeared and disappeared behind a rectangular occluder, infants saw it as continuous; but, when this information was removed, the perception of the partially occluded rod became ambiguous.
General Discussion
Together, the results of these three experiments suggest that motion does support the perception of object continuity but that not all types of motion are equally informative. Object translation, but not rotation, was sufficient to yield a perception of unity for 4-month-old infants. Rotation was sufficient by 6 months of age if the rod was partially occluded by a rectangular rather than a round object, but oscillation of the partly occluded rod was not sufficiently informative to yield a perception of object continuity by that same age.
These findings support the conclusion that multiple sources of information are important in determining infants' perceptions of objects. The conclusion that 4-month-old infants perceive moving objects behind an occluder as unitary is true in only some cases (e.g., if the motion is translatory). Likewise, the conclusion that 6-month-old infants perceive partially occluded moving objects as unitary is true in only some cases (e.g., if the object is not rotating behind a round occluder). Although it is tempting and often very useful to seek general explanatory principles for the development of object perception, infants 1 responses to perceptual tasks testing object unity seem to be best described by a set of principles that take multiple variables into account. It is through a description of the specific stimulus parameters that affect infants' object perceptions, and an understanding of why these parameters are important that researchers 1 5. will begin to fully appreciate the processes by which infants' perceptual abilities develop.
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Although our findings cannot conclusively establish why the stimulus changes investigated in these studies led to such significant changes in infants' perceptions, we will briefly consider several lines of research that are germane to this issue. The finding that translation evokes a perception of unity for young infants, whereas rotation does not is consistent with neuroanatomical and psychophysical evidence that different types of motion are processed differently (Banton & Bertenthal, 1997; Regan, 1986) and that translation may be more easily or more readily perceived than rotation. For example, in studies of macaques, Albright et al. (1984) reported that the neurons (in the middle temporal area) respond to translation earlier in the processing stream than do the neurons responding to rotation (in the medial superior temporal area). Furthermore, the processing of translation demands less integration of information than does the processing of rotation. The former relies on direction sensitive motion detectors for only one or two directions, whereas the latter, rotation, relies on the integration of many directions. Also, there is evidence that suggests that higher level areas of visual processing develop later than lower level areas (Bronson, 1982; Conel, 1939 Conel, /1967 see Banton & Bertenthal, 1997 , for an elaborated interpretation). For these reasons, it seems reasonable to expect that translatory motion might contribute to the perception of object unity earlier in development than rotary motion.
Furthermore, psychophysical evidence suggests that adults tend to group objects that share a translatory motion more readily than those that share a rotary motion. Borjesson and Ahlstrom (1993) asked adult observers to make judgments about the grouping of subsets of dots in moving five-dot patterns. Groupings could be made that were consistent with either a translational or a rotational motion interpretation in each display. Borjesson and Ahlstrom found that observers made grouping judgments consistent with translation much more often than with rotation. Similarly, Bruno and Bertamini (1990) , in a paradigm using occlusion, asked observers to complete contours of objects that were translating or rotating. They found that translation better facilitated accurate contour completion than did rotation. Accurate perception of occluded objects demands that the perceiver both group the visible ends of the occluded object into a unitary object and complete the hidden contours. Given that adults perform better on both of these tasks when the objects involved are translating instead of rotating, we view this evidence as consistent with our finding that translatory motion contributes to the perception of object unity at an earlier age than does rotary motion.
Let us now consider the null effects of oscillatory motion. There are several possible reasons that this type of motion is less likely than rotary motion to support a perception of object unity for infants. Oscillation consists of rotation in two directions rather than just one and may therefore require more complex perceptual integration than rotation. Furthermore, it is possible that 24-week-old infants arrive at perceptions of the unity of partly occluded rotating objects by visually tracking each end of the rod as it makes a complete cycle around the occluder. In the oscillating object display, the bottom end of the rod remains below the occluder, whereas the top remains above the occluder throughout the course of the motion. Therefore, visual tracking around the entire occluder will not occur. Another possibility is that in rotation, as the top of the rod moves down to the bollom part of the display and vice versa, attention is drawn to both visible ends of the display, thereby encouraging perceptions of the two ends as unified. However, in oscillation, given that the top of the rod stays on the top of the display and the bottom of the rod stays on the bottom, infants may be less likely to attend to both visible portions of the rod. Further testing with eye tracking may be one way to test this possibility.
Finally, our finding that objects rotating behind a rectangular occluder are perceived by 6-month-old infants as continuous, whereas objects undergoing the same motion behind a round occluder are not, raises additional questions about the critical features of the rotating display. Comparing the results in this condition to those in the other conditions suggests that rotary motion may not be sufficient for 6-month-old infants to perceive object unity unless some additional information is available at the occluding edge. In the case of the rectangular occluder, the visible rod ends appear to change size as they rotate behind different parts of the occluding surface. It seems that this changing size may be a necessary source of information for the infants, but only in some cases. The translating rod does not contain this changing size information, yet by 4 months of age, infants perceived it as a unitary object. One possible explanation for this difference is that the processing of rotalion by infants is more fragile and less consistent than the processing of translation. As a consequence, 6-month-old infants still need some additional information to bolster their perceptions of object unity in the rotating displays.
Contrary to rotary motion, translatory motion leads to perceptions of object unity at a young age, regardless of whether the visible rod segments change size (Kellman et al., 1986) . For example, infants who are shown a rod translating vertically behind an occluder perceive the rod to be unified. This is so, despite the fact that one part of the rod disappears behind the occluder and another part reappears as the rod translates up and down. Infants, who are shown a rod translating in depth behind an occluder, also perceive the rod as unified. This is true, despite the fact that both visible ends of the rod appear to shrink and grow as the rod moves nearer and farther. Finally, infants perceive a rod as unified when it moves laterally behind the occluder, and neither visible portion changes size as it moves. Together, these findings suggest that regardless of the apparent changes in visible surface area of the rod behind the occluder, a translating object is seen by 4-month-old infants as unified. This suggests that translation specifies object unity for 4-monthold infants either with or without changing size information. This is not the case, however, with rotation.
An additional reason for this difference is given in Kellman and Shipley's (1991) theory of visual interpolation. This theory posits that spatial discontinuities in the projected edges of objects activate unit formation processes in the visual system. Perhaps the differences in infants' responses to the rod occluded by the rectangle and the rod occluded by the circle can be accounted for by the different appearance of the discontinuities in these displays. For example, it is possible thai the sharp angle created where the rod and rectangular occluder intersect is perceived as a discontinuity in the rod, whereas the angle created where the rod and round occluder intersect is not.
These unresolved issues suggest future directions for invesli-gation of occluded object perception. Contrary to earlier suggestions that by 4 months of age, infants perceive object unity of a partly occluded object on the basis of motion, a developmental progression is apparent in which the visual system is first sensitive to the unity of a translating partly occluded object, then a rotating object (under some conditions), and, at some later time, an oscillating object. Furthermore, each of these types of motion appears to operate in conjunction with other stimulus information to contribute to the perception of object unity. The results presented here call for recognition that not all common motion is equally informative for object unity under all conditions. It is for this reason that systematic investigation of the stimulus characteristics that are relevant to infants' perceptions of occluded objects offers important insight into the processes by which infants perceive the visual world.
